Introduction
============

The mammographic breast density (MBD) is the extent of the radio-opacified fibroglandular tissue of breast in the mammogram. The MBD, measured qualitatively or quantitatively, is well-known as a risk factor for breast cancer in Western women \[[@b1-crt-2018-297],[@b2-crt-2018-297]\]. Recent studies have reported that it might be a risk factor in Asian women \[[@b3-crt-2018-297],[@b4-crt-2018-297]\].

It is used as a surrogate marker of breast cancer prevention \[[@b5-crt-2018-297]\] and makes a model for predicting a risk of breast cancer in individuals more accurate \[[@b6-crt-2018-297]\]. Moreover, in women with dense breast, the MBD makes it difficult to detect breast cancer, which decreases the accuracy of mammography screening \[[@b7-crt-2018-297],[@b8-crt-2018-297]\].

Age is most likely associated with the MBD, which is decreased by age. In addition, anthropometric, parity, and hormonal factors known as the risk factor of breast cancer are also associated with the MBD \[[@b9-crt-2018-297]\]. Although many epidemiological studies including immigration studies reported that there are ethnic and geographic differences in the MBD \[[@b10-crt-2018-297]-[@b14-crt-2018-297]\], most of them have a problem of small sample size and representativeness of populations. In Asian women, the proportions of women with dense breast may be higher than those of western women.

Many Korean women are known to have small breast volume and a higher proportion of dense breasts \[[@b15-crt-2018-297],[@b16-crt-2018-297]\]. However, to date, there is no study on the distribution of breast density using a large-scale and representative sample of asymptomatic Korean women. The objective of this study, therefore, is to examine the distribution of MBD by age in women undergoing screening mammography and estimate the prevalence of Korean women with dense breasts. Using the recent studies conducted with a representative sample \[[@b17-crt-2018-297],[@b18-crt-2018-297]\], we sought to examine differences between Korean women and other countries.

Materials and Methods
=====================

1. Study population
-------------------

The Korean Mammographic Density (KoMAD) study was designed to estimate the prevalence of dense breast representatively and to determine the association between breast density and breast cancer risk in Korean women. It was conducted from January 2012 to December 2014. The design and study enrolment have been fully described in detail previously \[[@b4-crt-2018-297],[@b19-crt-2018-297]\]. Briefly, the eligible population of this study consisted of women aged 40 years and over who participated in the National Cancer Screening Program (NCSP) in 2009. To prevent over-representation of specific regions, the participants were randomly selected after stratification by 16 administrative districts and the proportion of women aged ≥ 40 years in each region. To ensure accessibility of mammograms, screening units were restricted to a total amount of mammograms annually. Imaging data were collected from a total of 86 screening units representing their respective district regions. The mammographic images were obtained from the screening units in the form of original analog film copy or Digital Imaging and Communication in Medicine (DICOM) file. Among the selected women, 962 women (12.9%) whose were not stored craniocaudal and mediolateral oblique images of both breasts, or whose was not re-readable film status, were excluded. Finally, mammograms for 6,481 women were included in this study.

2. Mammography reading
----------------------

The MBD was measured qualitatively according to the American College of Radiology (ACR) Breast Imaging Reporting and Data System (BI-RADS) classification (4th edition) of breast density \[[@b20-crt-2018-297]\]. Six radiologists who are active members of the Korean Society of Breast Imaging and breast specialists in general hospitals participated in this study. To reduce variability in evaluating MBD, six breast radiologists were trained in the ACR BI-RADS classification of breast density. Prior to read mammography images in this study, the inter-radiologist agreement of ACR BI-RADS classification was evaluated. Based on pilot test, radiologists showed substantial agreement for measurement of MBD: the weighted kappa value for inter-radiologist agreement was 0.83 (95% confidence interval \[CI\], 0.80 to 0.86) \[[@b21-crt-2018-297]\]. They were paired into three groups to read MBD. If two radiologists' read were not consistent, they discussed to reach an agreement. Each BI-RADS density grade was classified as follows \[[@b20-crt-2018-297]\]: almost entirely fat (0%-25% glandular); scattered fibroglandular densities (26%-50% glandular); heterogeneously dense (51%-75% glandular); and extremely dense (76%-100% glandular). Density classifications were grouped almost entirely fat and scattered fibroglandular densities as "fatty breasts" and heterogeneously or extremely dense as "dense breasts."

3. Statistical analysis
-----------------------

We used the distribution of MBD by age groups for estimating prevalence of breast density and its 95% CI in Korean women. For estimating counts of women with a dense breast by age group, we obtained data from the 2017 Korean Census. By multiplying the weighted frequency by the corresponding mid-year population, we calculated a weighted frequency for each age group. All other statistical analyses were conducted using SAS Statistical Software, ver. 9.2 (SAS Institute Inc., Cary, NC).

4. Ethical statement
--------------------

With permission from the Ministry of Health and Welfare, informed consent for this study was not required, which was approved by the Institutional Review Board (IRB) of the National Cancer Center, IRB number NCC2014-0065.

Results
=======

[Table 1](#t1-crt-2018-297){ref-type="table"} shows the characteristics of the study participants and their breast densities. About 11.1% of the participants reported having used hormones. This study included 1,212 women (18.7%) in the "almost entirely fat," 1,862 women (28.7%) in the "scattered fibroglandular densities," 2,212 women (34.1%) in the "heterogeneously dense," and 1,195 women (18.4%) in the "extremely dense" groups.

[Fig. 1](#f1-crt-2018-297){ref-type="fig"} shows the distribution of breast density measured by four BI-RADS categories for women aged 40 years and older in this study. The highest proportions by each age group were as follows: extremely dense (44.2%) for aged 40-44 years, heterogeneously dense (43.7%) for aged 45-54 years, scattered fibroglandular tissue (40.5%) for aged 55-64 years, and almost entirely fat (53.2%) for aged 65 years and older. The proportions of dense breasts declined with increasing age. Similar trends were observed when stratified by health insurance status ([S1 Fig.](#SD1-crt-2018-297){ref-type="supplementary-material"}). It sharply decreased in Korean women aged 55-59 years. Women with dense breasts in their 40s showed more than 70%, but they fell to less than 10% from the age of 65. Overall, 45.6% (95% CI, 44.2% to 47.0%) in the Korean women aged 40 years and older, which was estimated at 6,420,226 women (95% CI, 6,223,110 to 6,617,340) had heterogeneously or extremely dense breasts ([Table 2](#t2-crt-2018-297){ref-type="table"}). For women aged 40 to 69 years, 54.4% (95% CI, 52.9 to 55.8) and 6,083,000 women (95% CI, 5,919,600 to 6,245,600) were estimated, respectively.

Our results were compared with prior studies conducted in United States and China is presented in [Fig. 2](#f2-crt-2018-297){ref-type="fig"}. Similar to our results, the prevalence of MBD in United States and Chinese women decreased with increasing age. Until the age of 60, the prevalence of MBD of Korean women was higher than that of U.S. women. At age 60, U.S. women with dense breasts began to outstrip Korean women with dense breasts. Within comparable age groups, the trend in Chinese women was similar to that in Korean women.

Discussion
==========

We quantitatively estimated Korean women with dense breasts, which might be one of major risk factors for breast cancer. Among all Korean women aged 40 years and over, who are the target population of the NCSP for breast cancer, we estimated that the proportion of women with heterogeneously or extremely dense breasts is approximately 45.6%, corresponding to approximately 6,420,226 Korean women. Restricted to aged 40-69 years, which most guidelines for breast cancer screening recommend, the proportion was increased to 54.4% (6,083,000 women).

In comparison to Sprague et al.\'s study \[[@b17-crt-2018-297]\], we found differences in the distribution of mammographic density according age group between women in Korean and United States. There result of the overall tendency with aging was similar to our results. However, the proportion of women with dense breasts in Korean was higher than 80% until their late 40s, and then there was a sharp decrease in the proportion upper 50 years. By comparing the characteristic change in breast, it is that Korean women in aged between 40 and 54 years were a much greater proportion of dense breasts than U.S. women, and that the transfer from dense breasts to fatty breasts tends to change more rapidly than U.S. women. Our results in the proportion of breast density according age group are similar to prior studies in China and Japan. The proportion of women with dense breasts in China and Japan was higher in under 50 years of age, and then breast density tends to decrease with increasing age. But, Ishihara et al. \[[@b22-crt-2018-297]\] has limitation in making comparisons with our results because a quoted age standards are different and absolute density was not evaluation in their study.

Since 2002, the NCSP for breast cancer has been conducted for all Korean women aged 40 years old and over, biennially. To date, the participation rate is about 52% and more than 3.3 million women are receiving screening mammography each year \[[@b23-crt-2018-297]\]. Higher recall rates of NCSP, especially over 20% in aged 40s than those of other screening programs in Western countries was reported \[[@b24-crt-2018-297]\]. Women with extremely dense breast were 7 times more likely to recall than women with almost entirely fatty breast \[[@b25-crt-2018-297]\]. It might be due to risk of interval cancer in women with dense breast and concerns about subsequent medical litigation.

An important effect of high breast density is the risk of a false-negative mammography finding due to the masking effect of dense tissue \[[@b7-crt-2018-297],[@b8-crt-2018-297]\]. An interval cancer diagnosed in woman with dense breasts has led to legislation in the United States that mandates disclosure of breast density information to women undergoing mammography screening. Since breast density notification law was first enacted in Connecticut in 2009, it has been put into effect in 35 states and requires direct screen notification on mammographic results indicating the presence of dense breasts \[[@b26-crt-2018-297]\]. It has been estimated that more than 25 million women with dense breasts in the United States could be affected by the breast density notification laws \[[@b17-crt-2018-297]\]. On the other hand, in Korea, the NCSP started to record breast density information in 2009, but it does not notified to participants.

Some limitations of this study regarding interpreting result exist. First, we evaluated MBD according BI-RADS density classification qualitatively. Although the BI-RADS classification is widely used, its assessments depend on the ability and experience of radiologists and may show reader variability. In order to overcome the limitations of qualitative methods, quantitative breast density analysis is needed with more objective and higher reproducibility, but supplying digital radiographic system for mammography is essential. Second, we could not consider the other factors that can influence breast density in this study, such as the body mass index, reproductive and hormonal factors, or socioeconomic status. However, our study minimized the effects of these external factors by applying a representative sampling strategy. Third, there were discrepancies between the time when the survey was conducted and the yearly population data used for estimation of the counts of women with dense breasts. Although there is no evidence that the prevalence of MBD by age changes with the calendar year, further studies are required to determine the changes in breast density over time through repeated measurements.

Despite these limitations, our study is meaningful because this is nationwide survey for estimating the distribution of MBD among Korean women and counting women with dense breasts quantitatively. It could be utilized as principal evidence for developing the preventing strategy for breast cancer such as screening.

Our results indicate the underlying prevalence of dense breasts among the Korean women aged 40 years and older. More than half of the Korean women have dense breasts. In spite of limited evidences \[[@b27-crt-2018-297]\], Korean women with dense breasts are recommended supplemental screening such as breast ultrasonography. More than 19,000 breast cancers are newly diagnosed each year and it is expected that the number will continue to increase in near future \[[@b28-crt-2018-297],[@b29-crt-2018-297]\]. To prevent breast cancer effectively and efficiently, it is necessary to develop a new personalized prevention strategy considering her status of breast density.
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###### 

General characteristics of the study population

                                        No. (%) (n=6,481)
  ------------------------------------- -------------------
  **Age, mean±SD (yr)**                 55.01±11.0
  **Age at menarche (yr)**              
   ≤ 13                                 546 (8.4)
   14-16                                3,605 (55.6)
   ≥ 17                                 2,279 (35.2)
   Missing                              51 (0.8)
  **No. of live births**                
   0                                    286 (4.4)
   1                                    699 (10.8)
   ≥ 2                                  5,471 (84.4)
   Missing                              25 (0.4)
  **Breast feeding (mo)**               
   Never                                774 (11.9)
   \< 12                                2,128 (32.8)
   ≥ 12                                 3,578 (55.2)
   Missing                              1 (0.0)
  **Age at menopause (yr)**             
   Premenopausal                        83 (1.3)
   \< 45                                259 (4.0)
   45-54                                3,490 (53.9)
   ≥ 55                                 411 (6.3)
   Missing                              2,238 (34.5)
  **Hormone replacement therapy**       
   Never                                5,433 (83.8)
   Ever                                 720 (11.1)
   Missing                              328 (5.1)
  **Oral contraceptive use (mo)**       
   Never                                5,224 (80.6)
   \< 12                                622 (9.6)
   ≥ 12                                 320 (4.9)
   Missing                              315 (4.9)
  **Past history of benign disease**    
   Yes                                  528 (8.1)
   No                                   5,459 (84.2)
   I do not know                        459 (7.1)
   Missing                              35 (0.5)
  **Breast density**                    
   Almost entirely fat                  1,212 (18.7)
   Scattered fibroglandular densities   1,862 (28.7)
   Heterogeneously dense                2,212 (34.1)
   Extremely dense                      1,195 (18.4)

SD, standard deviation.

###### 

Estimated number of Korean women in each of the ACR BI-RADS breast density categories

  Age group (yr)                                                                                       ACR BI-RADS breast density category^[a)](#tfn1-crt-2018-297){ref-type="table-fn"}^   Dense breasts^[b)](#tfn2-crt-2018-297){ref-type="table-fn"}^                                                     
  ---------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------ -------------------------------------------------------------- ------------------------ ------------------------ ------------------------
  40-44                                                                                                3.09 (1.94-4.92)                                                                     26.92 (23.16-31.17)                                            82.91 (77.18-88.75)      89.36 (83.47-95.31)      172.25 (167.82-176.21)
  45-49                                                                                                7.57 (5.49-10.40)                                                                    44.80 (39.62-50.47)                                            102.82 (96.12-109.59)    68.91 (62.82-75.34)      171.73 (165.79-177.24)
  50-54                                                                                                16.83 (14.16-19.95)                                                                  63.92 (59.18-68.84)                                            83.81 (78.77-88.96)      37.20 (33.31-41.42)      121.02 (115.87-126.04)
  55-59                                                                                                41.62 (35.18-48.92)                                                                  84.54 (76.17-93.21)                                            68.98 (61.01-77.48)      16.26 (11.97-21.92)      85.26 (76.76-94.01)
  60-64                                                                                                53.35 (47.77-59.26)                                                                  66.40 (60.46-72.51)                                            36.70 (31.88-42.02)      5.02 (3.25-7.72)         41.71 (36.62-47.25)
  65-69                                                                                                48.66 (42.68-54.87)                                                                  48.55 (42.60-54.72)                                            19.42 (15.28-24.40)      0.85 (0.27-2.67)         20.27 (16.05-25.32)
  70-74                                                                                                50.40 (45.69-55.06)                                                                  32.23 (27.95-36.82)                                            12.88 (10.03-16.41)      0.69 (0.22-2.16)         13.59 (10.64-17.17)
  75-79                                                                                                51.22 (46.17-56.09)                                                                  28.07 (23.63-32.93)                                            8.13 (5.63-11.60)        0.88 (0.19-3.82)         9.02 (6.31-12.72)
  ≥ 80                                                                                                 64.13 (54.45-73.04)                                                                  29.29 (21.67-38.37)                                            11.49 (6.27-20.18)       NA                       11.49 (6.27-20.18)
  40-69^[c)](#tfn3-crt-2018-297){ref-type="table-fn"},[d)](#tfn4-crt-2018-297){ref-type="table-fn"}^   170.91 (158.76-183.82)                                                               335.55 (324.22-354.72)                                         389.95 (397.30-405.23)   212.51 (206.38-230.84)   608.30 (591.96-624.56)

ACR BI-RADS, American College of Radiology Breast Imaging Reporting and Data System; NA, not available.

Units: 10,000 women and 95% confidence intervals,

Heterogeneously dense or extremly dense,

The recommendations by National guidelines for breast cancer screening \[[@b27-crt-2018-297]\],

Estimates may be different from sum of each cells due to rounding, estimated for data based on 2017 Korean Census counts.
